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ABBREVIATIONS & DEFINITIONS

The principal abbreviations and ternms are defined in a generic nanner as they are
commonly used in this bulletin and in tel ecommunications. These abbreviations and
definitions are intended to provide descriptive illustrations to better understand
BETRS concepts, equi pnent, and applications. The list contains a |imted nunber of
abbrevi ations and terns, and the definitions are not intended to be conplete and
precise. Additional digital transm ssion terns are covered in Bulletin 1751H 403
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AC: Alternating Current.

ADPCM: Adaptive Differential Pulse Code Mdul ation, a digital coding
t echni que.

Base Radio Station: All equipnent |ocated at the BETRS central office radio
termnal site. (FCCterm Central Ofice Station.)

BETRS: Basi c Exchange Tel ecommuni cations Radi o Service, a radio service
aut horized by the FCC in the 150, 450 and 800 Mz bands.

Cellular: Refers to Cellular Radio Service (or equipnment), a nobile radio
service authorized by the FCC in the 800 Mtz band.

Codec: Coder and Decoder; used for analog to digital encoding and detection.
COE: Central Ofice Equipnent.

Concentrator: A switching device that provides access between a |arger
number of ports or lines and a smaller nunber of paths or trunks.

Controller: A unit that interprets and acts on coded instructions.

DAMA: Demand Assignnment Miltiple Access; access from many sources or
| ocations upon request (demand). Al so see TDVA

DC: Direct Current.

DS1: Digital Signal at the First level, 1.544 negabits per second.
DSX1: A DSl interface or crossconnect point.

FAA: Federal Aviation Administration, a U S. Governnent Agency.
FCC: Federal Communications Commission, a U S. Governnent Agency.

FDM: Frequency Division Miltiplex; nmultiplex by discrete frequency assi gnment
of channel s.

FDMA: Frequency Division Miltiple Access; access from many sources or
| ocations on a frequency division basis. A so see DAMA and FDM
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ABBREVIATIONS & DEFINITIONS - Continued

GHz: G gahertz, one billion cycles per second.

kHz: Kilohertz, one thousand cycles per second.

LPC: Linear Predictive Coding, a digital coding technique.
MSA: Metropolitan Statistical Area.

MHz: Megahertz, one mllion cycles per second.

Processor: See Controller.

Repeater Radio Station: All equipnent |ocated at the BETRS radi o repeater
site. (FCCterm Relay Station.)

RSA: Rural Service Area; geographic areas designated by the FCC for cellular
radi o service in nonmetropolitan areas.

Subscriber Radio Station: All equi pnment |ocated at the BETRS subscri ber
radio termnal site. (FCCterm Rural Subscriber Station.)

T1: A digital transm ssion systemoperating at DS1.

TDM: Tine Division Miltiplex; nultiplex by discrete time assignnent of
channel s.

TDMA: Tine Division Miltiple Access; access from nmany sources or |ocations on
a tine division basis. A so see DAMA and TDM

Yagi: A type of directional antenna.
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1. OVERVIEW
1.1 General

1.1.1 This bulletin provides borrowers of the Rural El ectrification Adm nistration
(REA) and other interested parties with technical information on Basic Exchange

Tel ecommuni cations Radio Service (BETRS). BETRS is a public tel ecomunications
Rural Radio Service used as an alternative to traditional tel ecomunications outside
plant, carrier and radio facilities. The information and reconmendations in this
bul l etin are advisory.

1.1.2 BETRS was established by the Federal Communications Commi ssion (FCC)

in Decenber 1987. FCC Rul es concerning BETRS and ot her radi o equi pment and services
are contained in the Code of Federal Regulations, Title 47. BETRS History is
summari zed in Appendix 1. This bulletin addresses BETRS in the

150 and 450 Mz bands that have co-primary status (primary and equal) with

the Public Land Mbile Service and the 800 M&z band that has co-primary status with
the Private Land Mobile Service (al so called Specialized Mbile Radio Service or
SMRS). BETRS in the 800 M&z Cellular Radio band is not covered

inthis bulletin. A discussion of Cellular Radio Systens is planned for

Bul letin 1751H 705

1.1.3 As a background for BETRS, this bulletin begins with a brief overview of
subscri ber radi o equi prent available for rural teleconmunications service. Section
2 provides a description of the BETRS concept, existing anal og equi pnent, and
evolving digital equipnment. Section 3 provides BETRS application guidelines with
di scussion on prelimnary planning, radio systemdesign, FCC Radio Station

Aut hori zation, specification considerations, system proposals, and system

i mpl emrentation. GCeneric descriptive terns are used to describe radi o systens and
equi pnment t hroughout this bulletin except that paragraph 3.5 uses FCC terns in

di scussing the FCC Radi o Station Authorization

1.1.4 Wile this bulletinis intended to aid REA borrowers in the design
procurenent and inplenentation of BETRS for rural tel ecommunications service, it is
not intended as a conplete reference on BETRS radi o system design. Specialized
know edge and reference material are required to design radio systens. This
bulletin nmerely highlights sel ected aspects of radio system design which are key to
adequat e tel ecommuni cations service, approvals and conformance to requirenents of
the REA, FCC, and other local, state, and national organizations. Sonme material in
this bulletin is abbreviated to reduce vol une.

1.1.5 As reference material is subject to change, the | atest issues of source

ref erence docunents shoul d be obtai ned, reviewed, and addressed. The di scussion and
expl anation of outside references contained in this bulletin serve as a guide, but
may be outdated because of changes in source references. For instance, the | atest
FCC Rul es shoul d be addressed in FCC |license applications. El ectrical codes are
periodically revised and code requirements nmay vary with localities.

1.1.6 In the past, BETRS type subscriber radio service was sonetines provided as a
part of |nproved Mbil e Tel ephone Service at 150 and 450 MHz. Presently, BETRS is
usual ly provided as a service that is separate frommnobile service in

these bands. The ultimate goal is BETRS equi pnent that is universal in application
and interface, designed for econom cal point-to-mnultipoint demand assess (trunked)
appl i cations, packaged for easy installation, and available with nodel variations
for special applications and features.

1.1.7 A trunked radi o system where channel s are avail abl e by demand assi gnnment
mul ti ple access (DAMA) pernits a limted nunber of radio frequencies and channels to
serve a |arger nunmber of separately |ocated tel ecommuni cati ons subscribers. This
bul | eti n enphasi zes equi pnent designed for point-to-multipoint application utilizing
frequency division nultiple access (FDVMR), tine division nmultiple access (TDMA), and
conbi nati ons of FDVA and TDVA.

1.2. Subscriber Radio Equipment
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1.2.1 The following is a summary of subscriber radi o equi pnent used or avail able for
rural tel ecommuni cati ons service

Poi nt-to-Mil ti point (150, 450 and 800 MHz BETRS)
Point-to-Miultipoint (2 GHz by FCC Wi ver)

Poi nt-to-Miltipoint (800 MHz Cell ul ar)

Poi nt-to-Point (2 GHz and O her)

Poi nt -t o- Poi nt (150 and 450 MHz BETRS)

ohwNRE

1.2.2 Point-to-nultipoint BETRS trunked radi o equi pnent at 150, 450 and 800 MHz can
be used to serve individual tel ephone subscribers froma comon | ocation on a denmand
access basis (Figure 1). A radio systemw th channels avail able by demand access is
referenced by the FCC as a "trunked" radio system Point-to-multipoint subscriber
radi o equi pnent has been available on the world market for several years. The BETRS
action by the FCC pronpted interest in the U S. nmarket. Some manufacturers

devel oped new digital radi o equipnment and ot hers used exi sting anal og radio

equi pnent to address this market. BETRS equi pnent is covered by Part 22 of the FCC
rul es.

1.2.3 Point-to-nultipoint trunked radio equipment at 2 Gz is also used to

serve individual subscribers froma comon |ocation on a demand access basis. One
type of this equiprment has been used in various parts of the world for over 10
years, and has successfully conpleted two REA field trials. FCC licenses were
obt ai ned by wai ver because this equipnment is not |licensed in the common carrier
band. The wai ver process is often difficult and |l engthy, and waivers to use this
equi pment have been deni ed since the BETRS aut horization

1.2.4 Point-to-nultipoint trunked radio service in the 800 M&z Cel lul ar Radi o band
is also available. Fixed subscriber service in the Cellular Service band was not
addressed in the original FCC BETRS action. Cellular Rural Service Areas (RSAs)
have been |icensed by the FCC, and BETRS fi xed service was pernitted on a Secondary
basis in a January 1989 FCC Order and further relaxed in a February 1990 FCC O der.
BETRS is Secondary to cellular nobile service in this band. However, the cellular
i censee has a reasonabl e degree of freedomin providing BETRS fixed service so |ong
as the nobil e service needs

are adequately nmet. BETRS in the Cellular Radio Service band is nmentioned for

conpl eteness, but will not be addressed in this bulletin. Cellular radio equi pnent
is covered in Part 22 of the FCC rul es.

1.2.5 Point-to-point microwave radi o equipnment is used to serve renote subscri ber
clusters (Figure 2). The nost popul ar arrangenent is 2 GHz digital radio equi pnent
with 96 or 192 voice channels. Fromthe renote radi o equi pnent, subscribers are
served with conventional telephone cables, or fromdigital subscriber carrier

equi pnent extended over T1 span lines fromthe renote radio terminal. This digita
radi o equi pnent is covered by Part 21 of the FCC rul es.

1.2.6 Point-to-point BETRS anal og and digital radio equiprment at 150 and 450 Mtz is
used to serve renote subscriber clusters. This is illustrated in Figure 3 and is
simlar to the point-to-point mcrowave radio illustrated in Figure 2, except that
two or nore radio channels are used to serve a nearby subscriber cluster

1.2.6.1 Point-to-point anal og radi o equi pment at 150 and 450 Mz is also used to
serve individual subscribers on a dedicated channel basis (Figure 4). This

equi pnent has been available in the past as "rural radio" or "line extender radio."
It was |icensed under FCC Part 22 Public Mbile Service as secondary service. The
BETRS action by the FCC upgraded this application to co-primary status under FCC
Part 22. Rural radio equipnment is useful in select or small startup applications.

1.2.7 The radio service tools described above are presently avail able to REA
borrowers. REA recomends the use of equi pnent that is nost suitable and economica
for the specific application. The balance of this bulletin will enphasize BETRS
trunked radi o equi pnent with demand access channels for point-to-multipoint service
in the 150, 450 and 800 MHz bands.
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2. BETRS EQUIPMENT AND SYSTEMS

2.1 Introduction

2.1.1 Basic Exchange Tel econmunications Radio Service or BETRS was established by
the FCC in Decenber 1987. BETRS is a public tel ecomunications rural radio service
used as an alternative to traditional teleconmunications outside plant facilities.
Co-primary status is provided for BETRS in the foll owi ng bands.

Fr equency Channel s BETRS Co-Prinmary Service & FCC Rul es
150 MHz 18 Part 22 Public Land Mbile - Part 22
450 MHz 26 Part 22 Public Land Mbile - Part 22
800 WHz 50 Part 22 Private Land Mbile - Part 90

2.1.2 Some restrictions apply. For exanple, the FCC requires 800 M¥z BETRS to be at
| east 100 niles fromthe border of the 54 |largest Metropolitan Statistical Areas
(MBAs). BETRS eligibility is limted to | ocal exchange carriers and others with
state authorization (where applicable). Cellular radio was not addressed in the
original BETRS authorization, but was addressed

in later FCC Reports and Orders concerning cellular systens. Cellular operators and
resellers so authorized by their state regulatory entities may offer fixed BETRS in
RSAs and rural parts of MBAs.

2.1.3 BETRS equipnent is basically radio equi pnent that is substituted for
traditional telecomunications facilities, including copper cable, carrier

i ghtwave and m crowave radi o systenms. The BETRS equi pnent provi des standard
services and operates with standard tel econmuni cati ons equi pnent and interfaces.
This includes central office equipnent, tel ephone sets, and other custoner preni ses
equi pnent neeting FCC Part 68; and standard voice and digital interfaces such as
DS1. BETRS is intended as a direct replacenent for hard wire circuits where cost
effective.

2.1.4 BETRS can be used for area coverage, or can be used to suppl enment service by
conventional facilities. |In general, a mixture of conventional facilities and BETRS
may be nore economical than an all-BETRS design

2.1.5 The REA continues to seek technol ogies for cost effective tel ecommunications
service in rural areas. The use of radio to provide tel ephone service to
subscribers in rural areas net with limted success prior to BETRS. Wth the FCC
i censing of frequencies on a co-prinmary basis, the use of BETRS radi o equi pnent is
expected to increase. BETRS radi o equi pment can be used in conjunction with
traditional telecomunications equipnment and facilities to provide nore cost
effective service to subscri bers.

2.1.6 The BETRS frequency allocation provides for a total of 94 radi o channel pairs
(94 base transnmit channels and 94 subscriber transmt channels) in three radio
frequency bands. Many of the 44 radio channels at 150 and 450 MHz may be in use for
public nobile service; and the restrictions for the 50 radio channels in the private
nmobil e service may linmt their application. Radio spectrumefficiency will be
necessary for maxi numrural area coverage

2.1.7 The spacing between radi o channels is 25 kHz at 450 and 800 Mz, and

30 kHz at 150 kHz. This provides a maxi mum radi o channel bandw dth of 25 kHz (or 30
kHz) with a usable bandwi dth of |ess than 25 kHz. Radi o channel s are sonetines
subdi vi ded by using time division nultiplex (TDM or frequency division multiplex
(FDM to achieve two or nore voice channels for each 25 kHz radi o channel

2.1.8 BETRS radi o equi prent and systens are evolving. Systens illustrated in the
foll owi ng paragraphs are representative of present equi pnent. However, all parts of
the illustrated systenms may not be avail able fromone manufacturer at this tinme.

2.2 BETRS Equipment Description
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2.2.1 Point-to-Multipoint Systems: A basic point-to-nultipoint BETRS radi o system
consists of a base radio station and a nunmber of subscriber radio stations |ocated
at or near individual subscribers (Figure 1). An exanple of a BETRS service area
usi ng point-to-nultipoint radio equipnment is illustrated in Figure 5. The base
station may be co-located with the central office (CO switch, or renmotely | ocated
and connected via trunk facilities such as digital carrier

2.2.2 Base Radio Station: A typical base radio station is illustrated in Figure 6
It consists of several radio transnitters and receivers (often called transceivers),
a conbi ner, antenna, concentrator, codecs (coders and decoders), controller and
power supply. The conbined signals of radio transnitters and receivers are
connected to an ommi directional antenna. The nunber of radio channels required is
determined by the nunber of subscribers and expected systemuse (traffic). For this
illustration, three radi o channels are shown for service to a | arger nunber of
subscribers. The subscriber lines are concentrated into three trunks or radio
channel s. The assi gnnent of subscribers and radio channels is handl ed by a
processor or controller through a concentrator. This actionis simlar to that of
establishing a call through a central office switch. For incom ng and out goi ng
calls, all radio subscribers have access to all idle trunks on a demand basi s
(trunked radi o systenj.

2.2.2.1 Power for the base radio station should be froma battery source with
sufficient capacity to provide for at |east 8 hours standby operation in the event
of a comrercial power failure. The battery supply (nonminal 50 volts dc) for the
central office equipnent is the preferred power source for a

co-l ocated base radio station

2.2.3 Modular Base Station: The base station should be designed in nodules to
provide for growth. Another inportant reason for nodul ar construction is to provide
for separation of the base radio transceivers fromoffice equi pnent interfacing the
CO switch. This allows the radio transceivers to be |ocated at the opti num antenna
and subscriber service location without regard to the CO switch location (Figure 7).
The concentrator might be at either the office or radio location. Wth the
concentrator at the office, the |inks between the office and radio are trunks; with
the concentrator at the radio, the links are lines. Trunk links are nore efficient
(fewer circuits required) and will be used for this discussion. The |ink between
the BETRS of fi ce equi pment and the base radio station may be voi ce frequency,
carrier or radio circuits; but they are likely to be digital carrier (DSl) over T1
type span lines or digital radio. The trend will be toward standard digita
interfaces (DSX1) for all BETRS radi o systens.

2.2.4 Subscriber Radio Station: The subscriber radio station is illustrated in
Figure 8. It consists of a radio transceiver, a directional antenna (with transmt-
recei ve conbi ner or duplexer), a controller, codec and power supply. The subscriber
radi o transcei ver should be capable of transnmitting and receiving on any avail abl e
channel on denmand which requires a radio frequency synthesizer. The subscriber
controller receives instructions fromthe base controller for channel assignnent.
The subscriber interface should be a standard nodul ar jack for use with customer
prem ses equi pnent.

2.2.4.1 Power for the subscriber radio station should be froma battery source with
sufficient capacity to provide for at least 8 hours standby operation in the event
of a comrercial power failure. Small rechargable batteries in the range of 12 to 24
volts are generally used. Solar power wth backup batteries are sonetimes used for
subscri ber station power.

2.2.4.2 Access and use of commercial power at the subscriber |ocation require
special attention. The telco may place the BETRS equi prent away fromthe
subscriber's building and contract directly with the local electric utility for
electricity. The cost of electricity at subscriber |ocation should be considered in
system econom cs. Another option is to arrange for access to the radi o subscriber's
electric power. This requires that special attention be given to national, state
and | ocal electrical codes concerning power wring and grounding. For |ow power
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subscriber units, the use of Listed Class 2 transforners and | ow voltage w ring may
sinmplify installation (Listed by United Laboratories or other simlar type Listing
agency acceptable to the authority having jurisdiction). Radio station power
consunption may require negotiation with the subscriber for power costs.

2.2.5 Repeater Radio Station: A BETRS repeater radio station can be used to extend
service fromthe CO building to a single base transceiver location in |lieu of the
office to base radio station |link described in paragraph 2.2.3. Repeater radio
stations can also be used to create nmultiple base transceiver |ocations to extend
service over a wider area (Figure 9). The use of BETRS repeaters can increase the
service area coverage, but nay not be cost effective in many applications.

2.2.5.1 Two types of BETRS radio repeaters are discussed. The first involves the
retransm ssion of radio signals into a distant service area using a new set of radio
frequencies different fromthe basic service area radio frequencies. The second

i nvol ves the reuse of the sane radio frequencies as the base radio station to
provide fill-in service into shadow areas within the basic service area. For
purposes of FCC radi o station authorization, a radio repeater requiring additiona
radio frequencies is separately licensed as a "relay station;" and a radi o repeater
that reuses the base radio station frequencies is considered under the basic

aut hori zation. See paragraph 3.5 for additional discussion on FCC authorization

2.2.5.2 Figure 10 illustrates the allocation of radio frequencies for a three
channel BETRS systemin basic service. Figure 11 illustrates a simlar BETRS system
using repeaters that require additional frequencies. Three radio frequency pairs
are required for the basic systemand three additional frequency pairs are required
for the repeatered system The three frequency pairs (Tx1l/Recl, Tx2/Rec2, and

Tx3/ Rec3) that link the base radio station and repeater radio station can al so be
used to serve subscribers in the base station service area. In an actua

arrangement like this, it is likely that nore frequency pairs will be needed for the
base radi o station than the repeater radio station. This is because the base serves
all of the repeater subscribers (through the repeater) in addition to the base
subscri bers.

2.2.5.3 Back-to-back radi o channel s or heterodyne (frequency conversion) techniques
may be used to construct repeaters. Radio frequencies nay be linmted. The use of
repeaters may require increased radi o spectrum efficiency such as subdividing the 25
kHz radi o channel into multiple voice circuits.

2.2.5.4 Another service possibility is to reuse the base and subscriber radio
frequencies by anplifying the radio signals at a distant location. This type of
radi o repeater has been called a "booster" or "beam bender." This techni que was
previously used in mcrowave radio with linear anplifiers and highly directive
antennas. Wrk is currently under way to use this technique

in BETRS and cellular radio systens. This type of repeater may prove to be a cost
effective method for fill-in service to shadow areas within the basic service area
t hat cannot be reached by the base radio station. Because frequencies are reused
and anplified, control of the repeater service area and co-channel interference is
essential to the satisfactory application

2.2.6 Point-to-Point Systems: Point-to-point radio refers to a radi o system
application between two | ocations; the radio systemconnects two points such as a
central office switch and a subscriber or cluster of subscribers. In this bulletin
a BETRS point-to-point radio "systenl refers to a systemwhere nultiple radio
channel s are shared on a demand access basis (trunk to line concentration) |ike

poi nt-to-mul ti point BETRS systenms. A point-to-point application where each radio
channel is dedicated to an individual subscriber is called "rural radio equipnment"
(see paragraph 2.2.7). Because BETRS radio frequencies are linited, channel sharing
spectrum efficiency is encouraged

2.2.6.1 A point-to-point BETRS radio system consists of several radio channels
between the central office and a renote subscriber cluster |ocation with an

i ntegrated concentrator. This allows a |arger nunber of subscribers to be served
over a smaller nunber of trunks (voice channels). Figure 3 illustrates the basic
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concept. Equi prent for both the base and renmpbte radio stations would be similar to
Figure 6 except that directional antennas woul d be used. Point-to-point BETRS
equi pnent may be a special arrangenment of point-to-multipoint BETRS equi prent, or
may be a separate unique system Radi o equipnment and integrated system design may
permt radio frequencies to be shared by point-to-point and point-to-nultipoint
syst ens.

2.2.6.2 A subscriber cluster application mght be engineered with digital radio

equi pnent as described in paragraph 1.2.5 and Figure 2; or might be engi neered using
BETRS radi o equi pnent at 150, 450 or 800 MHz. The equi prment choice will depend on
the specific application. Larger channel quantities and |onger distribution |engths
tend to justify digital mcrowave radi o equi pnent. Applications for small channe
gquantities may justify the use of BETRS radi o equi prent, especially if the cluster
service is part of an overall distributed BETRS application sharing radio
frequenci es.

2.2.7 Rural Radio Equipment: Rural radio equipnent refers to point-to-point radio
equi pnent where each radi o channel is dedicated to an individual subscriber (Figure
4). The subscriber radio station is |ocated at or near the subscriber. The base
radio station nay be |ocated at the CO switch or at sone point along the outside
plant route. Rural radio is useful in select or small startup applications.

2.2.8 Radio Propagation Patterns: Careful selection of antennas and radi o station

| ocations can inprove radi o system coverage, reduce interference, and mninze
costs. Figure 12 illustrates sone radi o propagati on patterns. The reference
antenna for radiation patterns and gain is called an isotropic antenna, which is a
theoretical point source in free space that radiates equally in all directions. The
i sotropic radi ator woul d produce a spherical pattern; it is a theoretical antenna
for reference purposes.

2.2.8.1 An antenna consisting of a vertical pole on top of a tall tower will radiate
equal ly along the horizontal axis and produce a circular pattern

(Figure 12A). This would be equivalent to a half wave dipole in free space and
provi de a nodest gain over the isotropic reference. This vertical pole is generally
referenced as an ommi directional antenna, radiating in all (horizontal) directions.

2.2.8.2 An omidirectional antenna in the real world will produce an irregul ar
pattern because of obstacles in the radiation path (Figure 12B). 1In a point-to-
mul ti point system the central station or base station antenna is generally placed
on a tall tower or other point of high elevation above the surrounding area to
mnimze the effects of obstacles in the intended radiation path. This allows the
many subscriber station antennas to be placed on snmaller towers, reducing system
costs.

2.2.8.3 Directional antennas are used to focus the radiation pattern into one or
nore directional patterns (Figure 12C). This focused radiation or directivity
provi des effective gain in the intended direction and mininmzes interference in
other directions. Directional antennas are used at subscriber |ocations in BETRS
systens. These are generally Yagi antennas that produce about 10 dB gain over the
i sotropic reference

2.2.8.4 In summary, BETRS systens generally use both omidirectional and directiona
antennas. The base radio station will generally use an omidirectional antenna, but
may enploy sonme directivity depending on service area coverage requirenments. The
subscriber radio station is required by the FCC to use a directional antenna which
to reduce interference. A repeater radio station will use a directional antenna
toward the radi o base station; and will use an omni directional or directiona
antenna toward subscribers dependi ng on service coverage requirenents (Figure 11).
The base radio station and repeater radi o station may use partially directive or
highly directive antennas to custom ze the service area coverage. A directiona
antenna at the base radio station may elimnate the need for a repeater radio
station.

2.3 Present Analog Equipment
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2.3.1 Anal og subscriber radio equipnent in the 150 and 450 MHz band has been
avai l abl e on the world market for many years. This equi pnent ranges from sinple
dedi cat ed channel rural radio equipnent to nore el aborate multichannel demand access
systens. Because of the past "secondary" FCC |licensing status, the prinmary market
for this equipnment has been the world nmarket with linmted application within the US

Wil e the radi o equi pment can fill a service need, the installed equi pnent may not
neet traditional teleconmunications network transm ssion standards such as circuit
noi se, voice frequency response, voice level stability, etc. It is inportant that

t he purchaser and seller reach agreenment on basic equiprment and installed system
performance criteria before equi pnment is purchased

2.3.2 The radio frequency range of coverage is limted to approximately |ine-of-

si ght and depends on factors such as radio transnitter output power, receiver
sensitivity and selectivity, antenna type, and terrain. The limting distance may
be in the order of 10 to 40 niles, depending on the equi pment and application

Power requirements are cited at one watt to 70 watts; this is largely dependent on
the radio transnmitter output power. Data transm ssion

capability is generally cited in the range of 1200 to 9600 baud. The subscri ber
radio station of some nodels nay be | ocated at sone di stance fromthe subscriber (up
to 1500 ohns of cable plus a 400 ohmtel ephone set).

2.3.3 The dedicated channel rural radio equiprment is generally a small unit designed
for indoor mounting. The subscriber unit nay be a desktop or wall nount unit.
Typically, this equipnment is powered directly from conmercia

ac power with battery backup. Sinplicity and |ow startup costs are key
characteristics of this type of equiprment. The installed equi prent nmay not neet

sone of the traditional telecommunications network transm ssion standards such as
circuit noise and voice frequency bandwi dth

2.3.4 Miltichannel trunked radio systens are often nodul ar equi pment units desi gned
for varied applications. Mny equiprment types can be applied as dedi cated channe
rural radio applications, and in nultichannel demand access point-to-point and

poi nt-to-multi point applications. Repeaters are generally available; these are
usual Iy back-to-back radio units. Qutdoor housings are generally avail able for
repeaters and subscriber radio stations. Mny systens provide two voi ce channel s
within the allocated 25 kHz bandwi dth by splitting the radio spectruminto two 12.5
kHz radi o channels. Privacy options are available in some nodels by frequency

i nversion or scranblers. Conversation

privacy options are recommended for fixed station BETRS applications. Optiona
conpandors may be available in some nodels to reduce circuit noise. Battery backup
is reconmended for all applications, and especially where comercial ac power
failure will affect nore than one subscri ber

2.4 Evolving Digital Equipment

2.4.1 The trend is toward the use of digital systens for transm ssion and switching
in the tel ecormunications industry. New designs of digital radi o equipnment are
bei ng devel oped especially for the BETRS market. Bandwi dth efficient digital coding
t echni ques such as l|inear predictive coding (LPC)

and adaptive differential pulse code nodul ati on (ADPCM are bei ng enpl oyed

for radi o spectrumefficiency. Were digital coding other than North Anerican
standard 64 kb/s pul se code nmodul ation (PCVM) is enployed within the radio system
interfaces at voice frequency and standard 64 kb/s are provided

2.4.2 Digital BETRS radi o systens are evolving. The characteristics cited are based
on present equi pnent characteristics and tentative specifications for new equi pnent.
Thi s equi pment is expected to neet tel ecomunications network transm ssion

standards. Traditional transm ssion neasurenment techni ques are analog in nature and
may not be adequate to verify the transnission performance of some digital systens.
Such test equipnment was intended for use on analog circuits and digital waveform
codi ng such as

64 kb/s PCM New digital coding schenmes are based on speech characteristics
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and sone paraneters cannot be verified with traditional measurenent techniques.
Until new neasurenent techni ques are devel oped, the nmeasurements can be suppl erent ed
by subjective conversation conparison tests.

2.4.3 Spectrumefficient digital codes in conbination with tine division nultiple
access (TDMA) or frequency division multiple access (FDMA) permit increased spectrum
efficiency. FDVA and TDVA nmay be conbined to all ow subscriber access to any tine
slot in any radio channel, permtting nmaxi num

efficiency (traffic capability). Spectrumefficiency may be essential for |arger
systens, and where radio frequency availability is linmted. One manufacturer uses
TDM to provide four voice channels within one 25 kHz radi o channel. This system
applied in the 450 MHz band will be used to illustrate the TDM process and
capability.

2.4.3.1 The 25 kHz radio channel is nodulated with a 64 kb/s signal. Using TDVA,
the 64 kb/s signal is divided into tine slots for four separate 16 kb/s channel s.
Each 16 kb/s channel is nodulated with a spectrumefficient digital coding such as
LPC. Each 16 kb/s voice channel can be accessed by any subscriber within the system

on a demand basis. One 16 kb/s channel is the systemcontrol channel. The contro
channel is the system manager for subscriber access and channel assignment. One
radi o channel provides three voice channel s and one control channel. Four radio

channel s provi de 15 voi ce channel s and one control channel

2.4.3.2 Figure 13 illustrates TDMA. The base radio station transmits a continuous
signal on a radio channel that is divided into tinme slots for four channels. Each
subscri ber can access any available tine slot on any assigned radi o channel
Subscribers can receive and transmt in any available time slot on any assigned
channel. The subscriber radio station transmts in synchronized bursts so that the
radi o signals fromseveral subscriber transmtters effectively nmerge the transnitted
bursts within time frames. Up to four subscribers can transmit in appropriate tinme
slots of one 64 kb/s radio channel. Each subscriber has access to an idle channe

or tine slot on dermand.

2.4.4 The radio frequency range of coverage is linmted to approximately |ine-of-

si ght and depends on factors such as radio transnitter output power, receiver
sensitivity and selectivity, timng, antenna type, and terrain. The limting

di stance may be in the order of 10 to 40 miles, depending on the equi prment and
application. Digital systens provide a degree of conversation privacy that is
superior to analog systenms. Data transm ssion capability is generally cited in the
range of 1200 to 4800 baud. Subscriber radio station power requirements range from
about 20 watts idle to 70 watts in use. Solar power options are generally avail able
for repeaters and subscriber radio stations. The subscriber radio station of some
nodel s nay be | ocated at sone distance fromthe subscriber (up to 1500 ohns of cable
plus a 400 ohmtel ephone set).

2.5 Transition Toward Future

2.5.1 The transition fromsecondary Rural Radio Service to co-prinmary Basi c Exchange
Tel ecommuni cations Radi o Service has been relatively snmooth. Mnufacturers and
operating tel ephone conpani es experi enced the usual anount of problens with the

i ntroduction of new technol ogy and equi pnent. Mst problens were corrected and the
BETRS equi pnent is serving subscribers that nmight not otherw se receive tel ephone
service

2.5.2 As the BETRS "get started" phase nears an end, manufacturers, telcos and REA
need to assess how to nove from sel ective BETRS applications toward truly universa
BETRS appl i cations. How can BETRS equi pnent becorme a nore universal alternative to
the traditional telecomunications outside plant

facilities? To a |large degree, BETRS is expected to follow a path of universa
acceptance simlar to that of subscriber carrier equipment. Subscriber carrier
nmoved froma last resort facility to a preferred facility over a period of about 20
years. This transition did not occur by accident. 1t occurred through the work and
actions of many peopl e and organi zations.
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2.5.3 BETRS Wish List: The followi ng are suggested as factors and i nprovenents
needed for w despread application and universal acceptance of BETRS equi pnent as an
alternative to traditional tel ecommunications outside plant facilities.

2.5.3.1 Reliability: Equiprent reliability will inmprove with experience and
guantity production. The goal is for a service reliability near that of
conventional plant facilities.

2.5.3.2 Cost: Equipnent and installed systemcosts should be reduced to conpete
with conventional plant facilities. Costs should inprove with quantity production
experience and product evol ution.

2.5.3.3 Power: Power consunption should be reduced, especially at the renote
subscri ber | ocation. Reduced power consunption can inprove initial installation
costs and operating costs at renote |ocations. For custoner furnished power, the
use of Cass 2 energy limting transforners and | ow voltage wiring can reduce
installation conplexity and costs. Because sonme potential BETRS subscribers have no
conmerci al power or unreliable power, econonical solar power is a desirable
alternative at renote |ocations.

2.5.3.4 Size: The equipnent size should be reduced, especially at the renote
subscriber location. Customintegrated circuits can be used to reduce the equiprent
si ze and power consunption

2.5.3.5 Housings: Qutside housings at subscriber |ocations are necessary for
uni versal acceptance. The housing design should be small, blend with the

surroundi ng environnent, dissipate the heat generated by the equi pnent and the sun
provi de environnmental protection fromthe elements, and mnimze infestation by
insects. Reduction of size and power consunption can |ead to housing design

i mprovenents

2.5.3.6 Installation: Equipnent installation at renote subscriber |ocations should
be sinplified. Size, power consunption and housings are factors that affect
installation sinplicity and costs.

2.5.3.7 Repeaters: Low cost repeaters are needed to increase the service coverage
area and for fill-in coverage

2.5.3.8 Modularity: Mbdul ar equi pnent conponents can increase equi prent application
flexibility and mnimze startup costs for small systens. Mdul ar equi prent can be
used to keep initial quantities and costs | ow without sacrificing growh potenti al
Modul ar equi prent can reduce obsol escence by providing for systemupgrades in size
features, and services.

2.5.3.9 Frequencies: Last, but no small nmatter, is radio frequency availability.
Wth the potential for co-channel interference at 150 MH and

location restrictions at 800 Mz, the 26 channels at 450 MHz are the primary BETRS
radi o frequencies. The 450 MHz channels are heavily committed to nobile service in
urban areas, and may not be available for BETRS in nearby rural areas. The 450 Mt
channel s provi de an excellent opportunity to prove the technol ogy and reach

subscri bers that woul d not otherw se have tel ephone service, but these frequencies
are not adequate for w despread universal service. Mnufacturers use spectrum
efficient techniques, but this can increase equi pnent costs and limt the market.
Dedi cat ed bl ocks of frequencies are needed for BETRS to beconme a universal cost

ef fective service. Frequency blocks (with FCC authorization) would permt the

desi gn engi neer to choose tine division or frequency division multiplex to
econoni cal | y address specific markets.

3. BETRS APPLICATION

3.1 General
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3.1.1 BETRS equi pnent and BETRS applications shoul d provi de standard

tel ecommuni cations service that is equal to or better than wireline service. The
BETRS system shoul d provi de service that is transparent to standard

tel ecomuni cations interfaces and to the subscriber. This neans that the BETRS
radi o equi pnent and systens are substitutes for conventional outside plant cables
and carrier systens interfacing with central office equi pnent, tel ephone sets, and
ot her customer prem ses equi prent nmeeting FCC Part 68. BETRS equi pment shoul d
provi de sone renpte testing capability to minimze travel to customer |ocations
scattered over a wide area

3.1.2 BETRS may be used for first tine service to an unserved area, or may be used
to suppl enent or extend service within an existing service area. For tenporary or
per manent service, BETRS radi o should be considered as an economic alternative to
conventi onal telecomunications cable and carrier to

Serve subscribers scattered over a wide area
Provi de new service or upgrade multiparty service
Rei nforce or replace existing plant.

Reduce or elimnate subscriber hel d-orders.

Serve uncertain grow h areas

Fill tenporary and emergency service needs quickly.

ToPoooe

3.1.3 BETRS radio equiprment is the ultinmate in "novabl e tel ecommuni cations plant."
It can be used for tenporary service, pernanent service, or to delay construction of
conventional plant until service needs are accurately identified. BETRS equiprent
can be renoved and reused as needs dictate.

3.1.4 Tel ecomuni cations service should be provided by utilizing the nost cost
effective facilities and technol ogy. Econonic planning strategi es should avoid an
all or nothing approach. Econom ¢ studies should begin with broad prove-in or

br eakeven determ nations, and then be refined to consider a mxture of facilities
and factors such as isol ated pockets of subscribers and terrain. Econonic studies
shoul d be made on appropriate conpetitive facilities and equipnment. Wen BETRS
radio is potentially conpetitive with other service techniques, it is recomrended
t hat economi c studies include m xtures of copper, fiber, and radio facilities, and
possi bly the use of nore

than one type of radio equipment. There is no magic fornula for the prove-in of
BETRS radi o equi pnent.

3.2 Equipment and System Characteristics

3.2.1 Presently avail able BETRS radi o systens range from dedi cated channel anal og
poi nt -t o- poi nt equi prrent and systens to trunked mul ti channel digital point-to-
mul ti point systenms. In general, this discussion will enphasize universa
application point-to-nultipoint systems (analog or digital) with some discussion of
poi nt-to-point systenms. Dedicated channel rural radio equipnment is useful in select
applications. It is not considered a systemdesign tool for universal application
and will be mentioned only briefly. The specific service requirenents wll
determ ne the nost appropriate BETRS system

and/ or equi prent. The follow ng conponents are used to describe BETRS radio

equi pnent and system characteristics.

Base Radio Station is used to describe all equipment |ocated at the BETRS
central office radio termnal site. The FCC uses the term Centra
Ofice Station.

Repeater Radio Station is used to describe all equipnment |ocated at the
BETRS radi o repeater site. The FCC uses the termRelay Station

Subscriber Radio Station is used to describe all equipnent |ocated at the
BETRS subscriber radio termnal site. The FCC uses the termRura
Subscri ber Station

3.2.1.1 The FCCterns will be used in paragraph 3.5 and the generic descriptive
terns will be used el sewhere



REA BULLETIN 1751H-703
Page 15

3.2.2 Point-to-Multipoint Systems: A point-to-nultipoint radio systemused to serve
scattered individual subscribers froma conmon location is illustrated in Figure 5
Subscribers are served on a "trunked" basis where radi o channels are shared and idle
channel s are avail abl e on denand by any served subscriber. Al subscribers have
access to any avail abl e channel

The advantage of this equipnent is versatility. 1t is nearly universal in
application. Comon equi pment costs are shared by a nunmber of subscribers, and
econonmics may linmit the mninumsystemsize that is cost effective.

3.2.2.1 The base radio station equiprment nay be |ocated in the central office

buil ding, or at a location sone distance away. Part of the BETRS office term na

may be co-located with the central office equipnent (COE), with the remai nder of the
office termnal (i.e., base radio) at a nore appropriate radio service |ocation

The two | ocations are usually connected by T1 span lines or digital nicrowave radio
equi pnent. BETRS radi o repeater stations can be used to extend service fromthe
central office building to a single repeater radio station |location or multiple
repeater radio station locations to generally or selectively expand the service

area

3.2.3 Point-to-Point Systems: A point-to-point radio systemused to serve
subscriber clusters on a shared channel basis is illustrated in Figure 3. The ngjor
advant age of this equiprment is the shared common costs associated with both the
of fi ce and subscriber ends. This includes power supplies, subscriber housings, etc
Several radio channels are used as trunks for a |larger nunber of subscriber I|ines.
Concentration ratios are determned by traffic requirenents and system
characteristics such as local switching at the subscriber term nal

3.2.3.1 Point-to-point cluster service may be provided by separate stand al one
systens, or nmay be an option of point-to-nultipoint systems. A common base radio
station and shared use of radio frequencies may be practical with integrated point-
to-point and point-to-multipoint systens. Oherw se, separate radio systens and
channels will be required for each application, even with a common base station

| ocation

3.2.4 Rural Radio Equipment: Point-to-point or "rural radio" equipnment is used to
serve individual subscribers on a dedicated channel basis. The major advantage of
this equipnment is the low startup cost to serve one or several scattered

subscribers. It is similar in concept to the "add-on" one channel subscriber
carrier. Rural radio equi pnent consists of frequency mated of fi ce and subscri ber
termnals. The radio frequency pair is preselected and fixed by the FCC. In

general, the frequency cannot be reused within an exchange area which linmts the
growh capability. However, frequency reuse without interference may be possible
depending on the specific radio station |ocations and directional antenna
orientation. The office termnal may be | ocated at the central office equi prent
(COE) building, at the end of a cable route, or other convenient |ocation

3.2.5 Radio Repeaters: Radio repeaters can be used with any of the above term na
equi pnent to extend the area of radi o coverage as discussed in paragraph 2.2.5

This is acconplished by radio frequency reuse within the basic service area, and by
the use of additional radio frequencies to serve areas beyond the basic service
area. System economnics, radio frequency availability, and potential co-channe
interference will influence decisions concerning the use of repeaters.

3.2.6 Miscellaneous Considerations: |n the planning and design of BETRS radio
systens, factors such as loop length fromthe subscriber radio station, power at
renmote termnal and repeater |ocations, renote housings, equipnent accessibility,
installation, and nai ntenance shoul d be considered. Subscriber |oop | ength nmay be
short for service to individual subscribers, but BETRS systens shoul d be capabl e of
ext ended outsi de plant | oops beyond the subscriber radio station for cluster service
applications. Reliable commercial ac power should be the first choice for primary
systempower if it is available. Solar power may be considered as an alternative
for | ow power consunption repeater and subscriber radio stations, but may be costly
for high power consunption units. Physical access is always inportant, even the
nost reliable equipnent.
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3.2.6.1 Only single party (private |line) BETRS radi o equiprment is considered. Wile
it is possible for the BETRS equi pment to provide nultiparty service, it is not
recomrended because of increased equi prment conplexity and cost. Conversation
privacy shoul d always be a consideration for fixed station BETRS applications.
Privacy options are recommended for anal og systems. Digital systens provide a
degree of conversation privacy that is superior to anal og systens.

3.3 Preliminary Planning

3.3.1 Prelimnary planning should begin with an up-to-date area coverage survey or
sim |l ar subscriber survey. The planning and | ayout of a radio systemis often done
inincremental stages. A radio propagation study is essential. However,
prelimnary system and path planning shoul d be conpleted before the final radio
propagation study is nade. The following is suggested. Identify known and
potential tel ephone subscribers in an exchange area or an overall service area. Is
it practical to reach all subscribers by radio fromthe central office building or
anot her conmon | ocation? |s a radio tower already in place at the central office or
other location? 1s there a hill or other point of high elevation within the service
area for the radio base station? |If the radio base station is placed at one of
these | ocations, will some subscribers be bl ocked because of terrain or mannmade
structures? Wat are the alternatives (such as repeaters, nultiple base stations,
or cable extensions) for serving those remaining hard-to-reach subscribers?

3.3.2 Prelimnary planning can be acconplished by using a common sense approach. |If
a nobile radio systemis already in place, it can be used to estimate the service
area coverage with a BETRS radio system |If good to nmarginal service is available
to all subscriber |locations with the nobile system directional antennas on towers

at subscriber |ocations should provide inproved service - with the same transnitter
power in the same radi o frequency band. The new BETRS system nay use different
frequency bands and | ower transnmit power than the existing nobile system These
differences may alter the service coverage area

3.3.3 Fromtopographical maps and visual inspection, pick a base radio station
location. Draw lines on the nmap fromthe base station to (a) the nore distant
subscribers, and (b) the subscribers with obstacles in the path. Either by sketch
or by nental image, view sone of the potentially difficult paths. Alow for growh
of vegetation and potential building devel opment. For exanple, would towers of 100
feet at the base station and 40 feet at the subscriber |ocations provide a path
above the path obstacles? The object of this reviewis to identify probable base
station locations and to be relatively sure of adequate radi o propagation
(preferably line of sight) to nost potential subscribers at an early planning stage
Figure 14 illustrates a sinplified profile view of the radio propagation path
between a base radio station and a subscriber station

3.3.4 Review the costs and construction ease or burden for providing rura

t el ecomruni cati ons service by using conventional facilities. Wuld new construction
be econom cal using tel ephone cable, optical fibers, or digital microwave radio

equi pnent? Is it possible or practical to apply digital or anal og subscri ber
carrier (including distributed carrier) to existing cables? Consider the econom cs
of using m xtures of BETRS and conventional facilities.

3.3.5 Power availability, cost and reliability at subscriber and repeater radio
stations are inportant considerations in the planning and inplenentati on of a BETRS
system WII| conmercial power be available, reliable and reasonable in cost? 1Is
sol ar power a practical alternative to comercial power? Power for BETRS equi prment
shoul d be considered in systemeconomc studies and reliability cal cul ations.

3.3.6 Review avail abl e BETRS equi prrent and conpare with service requirenments. Can
t he avail abl e equi pnent provide for initial service and projected gromh? WII| the
system provide for traditional telecomunications service and standards? BETRS may
be the only practical way to serve scattered rural subscribers.

3.4 Radio System Design
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3.4.1 Overview: During the systemdesign and inplenentation stages, conpliance with
bui | di ng, safety and el ectrical codes and approvals by REA FCC, Federal Aviation
Admi ni stration (FAA) and others are necessary. The suggestions and illustrations
provi ded here are advisory. They serve only to illustrate the process of BETRS

impl erentation. Early in the inplenmentation process, approvals are required by REA
for financing; by the FCC for radio station operation; possibly by FAA for tower
construction; possibly by the Bureau of Land Managenment, U.S. Fish and WIldlife, and
State Hi storic Preservation on environnental inpact; and by other organizations in

t he enforcenent of |local, state and national codes. Part 17 of FCC Rul es covers
tower height, lighting, painting and FAA notification. In planning tower |ocations,
be aware of nearby airports, landing strips, and flight paths.

3.4.1.1 REA approvals are required for:

a. Equi prent: REA Accept ance

b. Plans and Specifications: REA Form 397 or 398 with appropriate
attached specifications.

c. O her stages of regulatory and financial approval

3.4.1.2 In general, BETRS equi pnment needs to be REA Accepted (shown on the REA List
of Materials or have REA Techni cal Acceptance). Exceptions are equi pment placed on
an REA field trial or waiver provided in special circunstances. The request for REA
approval of Plans and Specifications and the request for FCC approval for Radio
Station Authorization should occur at approximately the same time.

3.4.1.3 It is suggested that point-to-nultipoint BETRS systens be designed for 99.9
percent availability. This permits a total down tine of 8.8 hours

a year to the average individual subscriber due to propagation conditions and

equi pnent failures. Circunstances nay dictate other design availability

requi renents

3.4.2 System Design Considerations: A review of the quantity and |ocation of
subscribers to be served is the first order of business. Deternine the nbst cost
effective m x of BETRS and conventional telecommunications facilities. Determne if
i ndi vidual radio stations at each subscriber location is necessary, or if it is
practical to share subscriber radio stations at common |ocations. Determine if
cluster service to sone or all subscribers is practical. Shared subscriber

equi pnent is generally nore econom cal than individual subscriber units. Determnine
if all subscribers can be served fromone base radio station. |f not, determ ne
base radio station |ocations that mninize the nunber of base stations. Plan
systens that elimnate or mnimze the use of repeaters

3.4.2.1 Determ ne the nunmber of voice trunks and radio channels required to serve
the subscribers (traffic calculation). Some BETRS radi o systens require a radio
channel for each voice trunk. Qher systens subdivide the radi o channel to provide
up to 4 voice channels for each radio channel. Determine if the base radio station
can be located at or near the CCE. |If not

determne the nost appropriate nethod of providing circuits between the COE and the
base radio station (i.e., T1 span line, repeater radio station, etc.).

3.4.2.2 Determ ne the nost appropriate power sources for subscriber radio stations,
repeater radi o stations, and any base radi o stations not co-located with the CCE.

In general, this will be comrercial ac power contracted with the | ocal power conpany
or the subscriber being served. AC power connections require that attention must be
given to local, state and national electrical codes for the safety of the genera
public and tel co enpl oyees. Power for the base radio station |ocated at the CCE
shoul d be provided by the central office battery supply. Solar power may be
appropriate for repeater radio stations and subscriber radi o stations. Power
consunption (idle and in use) and battery reserve cal cul ati ons (8 hours reconmended)
for all sites are needed

3.4.2.3 FHEectrical protection for equipnment and safety of people require specia
attention where antennas are |ocated. Generally, the higher the antenna above
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surroundi ng structures, the greater the exposure to lightning, and the greater the
need for | ow resistance grounds and bondi ng connections. Al exposed netallic
surfaces (inside and outside cabinets) within the area require comon bondi ng and
grounding. Careful attention should be given to proper bondi ng and groundi ng at
digital COE buildings to minimze damage to sensitive el ectronic equipnment. The
BETRS equi pnent manufacturer's recomendati ons concerning safety and protection
shoul d be followed. The manufacturer's recomendati ons shoul d i ncl ude surge
protection for the ac power connection, antenna, and equi pnent interfaces.

3.4.3 Radio Propagation Study: After the sites for base radio stations are chosen
(and radio repeaters if used), a radio propagation study is needed for each base
station. Actually, two types of radi o propagati on studies are needed. A
propagation study is required for the FCC using the Carey Method in FCC Report R-
6406 (Technical Factors Affecting the Assignment of Facilities in the Donmestic Land
Mobi | e Radi o Service, by Roger B. Carey, June 24, 1964). A survey using the Carey
Met hod wi Il show the general radio service area coverage and radi o i nterference
However, the Carey Method is intended for Mbile Service with at |east 90 percent
coverage probability. An additional propagation study will be needed for reliable
BETRS fi xed service

3.4.3.1 Wile BETRS is usually a point-to-nultipoint application of equipment
simlar to nobile service, the subscriber stations are fixed. "Carey" or "Average"
coverage does not ensure that each BETRS subscriber will receive reliable service
Therefore, the radi o propagation study for reliable BETRS should include a point-to-
poi nt propagation study (simlar to a point-to-point mcrowave path survey). A
study of the path propagati on between the base radi o station and each subscri ber
radi o station should be made. Requirenments for base station antenna tower hei ght
radio transmtter power (and effective radi ated power), and individual subscriber
station antenna tower height are determined fromthe study. Figure 14 is a
sinmplified profile view of a radi o propagation path. Factors such as earth
curvature are not considered. For

informati on on radi o propagation and path surveys, refer to engi neering textbooks
and to REA TE&CM Section 932 (planned for conversion into

Bul letin 1751H 701).

3.4.3.2 Horizontal or vertical antenna polarization can be used for BETRS point-to-
mul ti point systenms. Horizontal polarization for BETRS will provide

some interference isolation fromvertically polarized nobil e system antennas.
However, ommidirectional radiation patterns are easily obtained from sinple
vertically polarized antennas. GCenerally, BETRS systens will use ommnidirectiona

(or multidirectional) antennas for the base radio station and directional antennas
for the subscriber radio stations. Antenna polarization may be either horizontal or
vertical, but need to be the same for both the base and di stant ends of a system
The antennas are included in the propagation study. FCC waivers are required for
omi di rectional antennas and for vertical polarization in BETRS systens. Such

wai vers are routinely considered by the FCC, but waivers need to be requested in the
appl i cation

3.4.3.3 Questions about the radi o propagation study and systemresponsibility are
often raised. WII| the Purchaser or Seller make the prelinmnary and/or final radio
propagati on study? |In the case of marginal or unreliable service, is the Purchaser
or Seller responsible for corrective action to achieve reliable service? The
remedi es and responsibilities may be different for mnor systemalterations to reach
one or two subscribers than for major path and service problens found after

equi pnent has been installed. These renedies and responsibilities should be clearly
stated in the contract for BETRS. The contract should be one for a "Reliable
System? or "Service," and not just a contract for hardware. Systemreliability and
service should be defined quantitatively to the extent possible. System and service
guarantees may prove costly in sonme cases

3.5 FCC Radio Station Authorization

3.5.1 BETRS is covered in Part 22 of the FCC Rul es under the general heading of
Public Mbile Service. The FCC Rules require radi o equi pnent Type Acceptance
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(equi prent manufacturer) and a Radio Station Authorization (telco) to construct and
operate a BETRS radi o system The applicant should be famliar with Part 22 of the
FCC Rul es and ot her referenced Rul es and Reports. The following briefly highlights
sonme aspects of the procedure and information required in the application

3.5.2 Wen the application is ready to be filed, a call to the FCC Public Mbile
Radi o Branch may be hel pful to clarify issues and avoi d processing del ays. The
applicant may wi sh to seek specialized assistance and contract for filing the FCC
application and search for avail able BETRS frequencies. Currently, FCC subm ssions
and applications that require fees are filed with the Mellon Bank in Pittsburgh
Pennsyl vani a, using FCC Form 155. Submissions with fees that are filed el sewhere
are returned to the sender

3.5.3 The Authorization process begins with FCC Form 401, "Application for New or
Modi fi ed Conmon Carrier Radio Station Authorization Under Part 22" filed with the
FCC by the telco. At regular intervals, the FCC will issue public notice listings
on applications (and other matters) to allow the public an opportunity to conment on
FCC proposed actions. The Radio Station

Aut horization permts the BETRS system construction to begin. It specifies the
construction start date and terns of the authorization. Wen construction has been
conpl eted in accordance with the radi o station authorization, the |licensee notifies
the FCC on Form 489, "Notification of Status of Facilities." BETRS service can
conmence the day that Form 489 is placed in the mail to the FCC. See 22.45 of the
FCC Rules for the License Period. Reply by the FCCis

not required. (FCC filings can be delivered to the FCC and receive a stanped record
copy.) If construction is not conplete within the ternms of the authorization, the
aut horization will automatically expire unless a time extension application (FCC
Form 489) is filed and approved by the FCC

3.5.4 FCC Application: The Application for FCC Radio Station Authorization consists
of a conpleted FCC Form 401 with attachnents. Follow the instructions and furnish
information specifically as noted. Sonme information is to be provided on FCC Form
401 while other informati on may be provided as attachnents. The waivers,

suppl ement ary showi ngs and other itens di scussed are routinely considered by the FCC
for BETRS authorization. However, waivers need to be requested and required
informati on furnished with the application. Unless noted otherw se, the foll ow ng

di scussi on and conments apply to a point-to-multipoint BETRS system application

3.5.4.1 The applicant should be famliar with FCC Rul es contained in Part 22. A
sel ected sanpl e is discussed bel ow.

22.15(b)(1): Search and list all co-channel stations within distances:

1-Vay 35 MHz to 162 Mz 67 Mles
2- Wy 152 MHz to 162 MHz 84 Mles
2- Wy 450 MHz to 460 MHz 67 Mles

1 & 2-Way Above height/power limts 125 Mles

22.15(b)(2): Interference studies may be made one of two ways:
1. By using Cass of station and Geographic separation listed in
22.502 and 22.503
2. Wilizing the Carey Method in FCC Report R-6406

22.16(a)&b): A showing is required for radi o channels. A maxi mum of
four radio channels is normally granted with each initial application
and each application for additions to existing systems. An application
for nore than four channels may be granted, but will require additiona
coordi nation within the FCC and nmay cause delay in the authorization

22.108 & 22.110: Note antenna direction and pol arization requirenents.
A fixed station is required to utilize a directional antenna with
hori zontal polarization. Wiivers are required for omnidirectiona
base station antennas and for vertical polarization

22.600: Note that subscriber stations are generally covered under the
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base station authorization.

22.609: Note the supplenmentary showi ng required with applications for
rural radio (BETRS) facilities.

3.5.4.2 FCC Form 401: One Schedule Ais required with each Application. One
Schedule B is required for each Antenna Location (generally base station antenna
locations). Schedule Ais self explanatory. Al exhibits that are attached to the
application are listed on Schedule A (Item 22). The follow ng exanples of attached
exhi bits are based on the information requirenments of Schedul es A and B.

FCC Form 401 - Schedule A

Item 20: If the application requests one or nore additional radio
channel s for existing service, a loading study (traffic study) is
required.

Item21: If the application requests nore than one radi o channel for new
service, a statistical survey or other showing is required.
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FCC Form 401 - Schedul e B

Item 29: If waivers are requested, the exhibit has to specify the FCC
Rul e(s) that apply and show good cause for each wai ver requested. For
poi nt-to-mul ti poi nt BETRS systens, waivers need to be requested for
omi di rectional base station antennas and for vertical polarization of
radi ated signals (base and subscri ber).

Item 37: The height and power engineering data require special attention
Sone data is required on FCC Form 401 and exhibits may be required for
ot her data. For exanple, 37(i) requires an exhibit if the antenna is
not mounted on top of the antenna structure. O ten an existing antenna
structure will be used and the top of the structure is already used. An
omi directional or other radiation pattern can be obtai ned, but an
explanation is required. Effective radiated power and co-channe
interference also require attention

FCC Form 401 - M scel | aneous

O her attachments may al so be required that are not specifically listed
on FCC Form 401. For exanple, 22.601(a)(4) should be addressed to state
that the applicant is authorized to provide BETRS (State certification

or other authorization). Al so, 22.609(a) requires a supplenentary
showing why it is inpractical to provide the required comunication
service by means of wireline facilities. |If relay stations are required
22.601(b) (1) requires a showing why it is inpractical to achieve the
conmuni cations without relay stations (i.e., out of signal range of
central office station). The application for relay stations can be filed
with the BETRS application

3.6 System Specifications

3.6.1 Plans and Specifications: At this time, REA does not publish specifications
that are appropriate for BETRS equi prent and application, and none are known to
exist in the public domain. Appropriate specifications or benchmark references are
needed for REA Acceptance (Listing) of BETRS systens, and appropriate equi prment and
application specifications are needed as

attachnents to REA contracts for REA-financed BETRS purchases. Appropriate portions
of other specifications by REA Bellcore, industry and manufacturers are usually
referenced by REA, telcos, engineers and manufacturers. For exanple, Bellcore
Ceneric Requirenments for Basic Exchange Radi o Systens

(TA-TSY-000911) covers digital BETRS systens.

3.6.2 For REA financing, BETRS systens should be purchased on REA contract Form 397
(or REA Form 398) with appropriate specifications attached to the contract. These
per formance specifications are devel oped by the tel ephone conpany's engi neer. REA
Form 397e, Mobile and Fi xed Radi ot el ephone Specifications is useful as a guide (and
only as a guide) for BETRS performance specifications. Form 397e was intended as a
nmobi | e radi o system specification with possible incidental use of fixed rural radio
applications. It is outdated and inconplete as a BETRS system specification. REA
Form 397c, Design Specifications for Subscriber Carrier Systens is also useful as a
gui de for BETRS performance specifications. Selected portions of REA specifications
such as PE-64a (digital subscriber carrier) and REA Forms 397a through 397h m ght be
hel pful to the engineer in devel opi ng BETRS specification attachments. Portions of
traditional telecomunications standards and manufacturers' specifications for BETRS
radi o equi pnent can al so be used. Specific target values and limitations should be
stated in the contract. It is inportant that all parties reach agreenment on
contract provisions before the contract is signed

3.6.3 BETRS specifications should be realistic and provide for reliable, high

qgqual ity tel ecommuni cati ons service. |n sone cases, conpronises may be required. In
time, traditional performance paraneters are expected to apply to BETRS wi t hout
exception. Traditional transm ssion measurenent techni ques may not be adequate to
verify some performance parameters of digital BETRS systens. Traditiona
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transm ssi on nmeasurenent techniques are analog in nature and may not be effective in
testing new digital speech coding systems. |n addition to agreenent on perfornmance
parameters, Purchaser and Sel |l er agreenment may be needed on test techniques to
verify performance.

3.6.4 BETRS Performance Specifications shoul d be separated into four parts as
illustrated bel ow

Part 1: Basic BETRS System and Equi pment Perfor mance
Part 2: Installation and Acceptance Tests

Part 3: Detailed Purchaser's Requirenents

Part 4: Seller's Proposa

3.6.4.1 For the basic BETRS system and equi pment performance requirenents, the
format in REA Form 397e, Part | is suggested. Appendix 2 provides an exanpl e of
BETRS equi pnent specifications (partial list only) that mght be attached to REA
Form 397. Appendi x 2 contains portions of selected standards and specifications
from several sources including REA and the tel econmmunica-tions industry. |If
manuf acturers' specifications are used, care should be taken to keep the

speci fications generic to the Purchaser's needs and not favor one manufacturer or
equi pnent over anot her.

3.6.4.2 Installation and Acceptance Requirenments should follow a format simlar to
REA Form 397e, Part |l. The specific details of installation and

acceptance test requirements need to be updated with special attention given to both
the of fice and subscriber |ocations. Proper bonding and groundi ng of antenna

equi pnent, and power is required to nmeet electrical and safety codes for the safety
of peopl e and protection of equipnment and property at subscriber |ocations. Proper
bondi ng and grounding are also inportant at |ocations of other nodern el ectronic
equi pnent including digital centra

of fice equi pment. Careful attention should be given to antenna groundi ng and
connection to other grounds external to the central office building; to the building
entrance of ac power, tel ephone cabl es, and coaxial cables fromthe antenna; and to
bondi ng and ground connections within the building. A suggested REA reference is
"Electrical Protection of Electronic Analog and Digital Central O fice Equi pnent”
currently published as REA TE&QCM Section 810 and pl anned for conversion into
Bul l etin 1751F-810.

3.6.4.3 Detailed Purchaser's Requirenments should follow a format sinmlar to Form
397e, Part II1 A These requirenents should outline the specific system and

equi pnent needs for BETRS service, and contain sufficient detail for a clear
under st andi ng of the Purchaser's requirenents. Purchaser requirenents and Seller
responsibilities should be clearly stated in all parts of the Purchaser's

speci ficati ons.

3.6.4.4 Equi prent and service requirenents should be covered in detail. GCenera
requi renents and special requirenents for business, data, paystations and ot her
speci al applications should be stated. Qutside plant |oop resistance from
subscriber radio stations should be stated. (For total drop resistance, add 400
ohns for customer prenmi ses equipnent.) Major and mnor alarmrequirenents for radio
equi pnent and related requirements such as power systenms and tower |ighting should
be stated

3.6.4.5 The BETRS performance specifications should contain a Seller's Proposa

Sunmary sinmilar to Form 397e, Part I11B. This should sumarize the Seller responses
to Purchaser requirenents and serve as a quick reference check list that assures the
Purchaser that the Seller is proposing a conplete systemto fulfill the Purchaser's

systemrequi rements. The Summary should contain a statenent that the proposed
system neets all Purchaser requirenents, or note specific exceptions to Purchaser's
requi renents. The Summary shoul d contain a checklist of detailed attachments by the
Seller in response to the Purchase requirenents.
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3.6.4.6 The Purchaser's Requirements and the Seller's Proposal should each contain a
Narrative. The Purchaser's Narrative should describe the initial and ultinmate
(growm h) requirenents for the equi pnent, system and service

The purpose of the Narrative is to outline the Purchaser's plans so that the initia
equi pnent furni shed under the contract can | ater be expanded to ultinmate service
needs with mnimal inpact. The Seller's Narrative should describe the proposed
systen{(s), equipnent, component parts, accessories, options and necessary test

equi pnent. The Seller should also outline a plan for orderly growth fromthe

initial quantities of equipnment to the Purchaser's ultinate systemrequirenents.

3.6.4.7 The proposal should describe the options available to the Purchaser if the
FCC does not grant a radio station authorization, or grants authorization for |ess
than the nunmber of radi o channels required for adequate tel ecomunications service
(present and future traffic requirenents). A ternination clause or fallback
provision in the contract may be advi sabl e.

3.7 System Proposals

3.7.1 It is recomended that the Purchaser seek proposals fromseveral manufacturers
(or Sellers) of BETRS radi o equi prment. Each Seller proposal should be reviewed for
responsi veness to the Purchaser's contract provisions including the radi o system

pl ans and specifications. The |owest cost proposal that is responsive to the
contract provisions should be selected unless there are valid reasons to sel ect

anot her proposal. The follow ng proposal itenms should be noted

3.7.2 Didthe proposal respond to all contract provisions? Are some responses vague
or inconclusive? Didthe Seller take exception to sone contract provisions? Are
the exceptions logical? Are the excepted contract provisions essential to the
service requirenents, or do they substantially alter the service requirenments or
contract provisions? |s this a responsive proposal ?

3.7.3 Does the proposal include adequate spare parts? Are the warranty provisions
reasonable? |Is the Repair and Return policy satisfactorily addressed? Has on-site
and factory training been addressed? Does system nai ntenance require special test
equi pnent? Does the tel co have adequate general and special purpose test equi pnent
for radi o system mai nt enance?

3.7.4 Does the proposal include adequate docunentation? The proposal should include
equi pnent installation, operation and mai ntenance nanual s, and final copies of
drawi ngs that outline selected options, special features, or other provisions.

3.7.5 Are the Seller's installation and test responsibilities clearly stated? Are
ot her responsibilities by the Purchaser and Seller clearly outlined in the contract?
Has the proposal reinforced the responsibility provisions, or did the proposal raise
guestions in sonme areas? |If the radio systemfails to provide the necessary
service, are the alternatives clearly stated? Does the Purchaser or Seller bear the
cost if additional equipnent or nore costly alternative equipnent is required for
satisfactory operation? Wat limts are inposed on renmedi es and alternatives?

3.7.6 The Purchaser and Seller should reach agreenent on all aspects of the contract
before it is signed. Mnor problens can become maj or probl ens when contract
provi sions are not clearly stated

3.8 System Implementation

3.8.1 |If the planning, systemdesign, FCC application, and contract provisions are
t hor ough and conpl ete, systeminpl enentation should be relatively snooth.
Installation should be coordinated with all parties involved. The installer should
be provided reasonabl e access to buildings, facilities and equiprment, and be

provi ded reasonabl e assi stance by qualified tel co personnel

3.8.2 Installation should be nonitored by a qualified telco representative. Care
shoul d be taken to ensure that contract provisions are met and that the installation
nmeets building, electrical, and safety code requirenents. Special attention should
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be given to bonding and groundi ng at antenna | ocations, digital central office
equi pnent | ocations, subscriber |ocations, and comercial power connections.

3.8.3 Systeminstallation should always include equi pnent and system accept ance
tests. Acceptance tests serve to denonstrate equiprment performance relative to
contract provisions, and serve as a benchmark for later comparison and

troubl eshooting. Acceptance tests shoul d include physical inspection, operationa
tests, and electrical tests such as radio frequency transnit power, receive signa
strength, bit error rate, voice |levels, noise and distortion. To the degree
practical, radio fade margin tests should be made on radio stations with margi na
recei ve |l evels

3.8.4 A properly designed and installed BETRS system shoul d provi de

tel ecommuni cations service that is equal to or better than wireline service. The
subscri ber should not be able to distinguish between service provided by BETRS radio
equi pnent and traditional teleconmunications facilities.
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APPENDIX 1
BETRS HISTORY

It has been technically and econonically possible for decades to use a radio circuit
as a link between a subscriber's tel ephone set and a tel ephone switching office. In
many areas of the world outside the United States, radio circuits are routinely
used. Radio circuits are used in such wi despread regions as parts of Africa,
Australia, Canada, South Anerica, and the Mddle East. Radio |links proved to be the
t echnol ogy of choice for conditions such as large |and masses, little or poor

t el ecommuni cations infrastructure, hostile environnent, scattered clusters of
subscribers, and scattered individual subscribers. These conditions are conmon in
many parts of the world including the United States, especially in the Wst, M dwest
and Al aska.

Radi o woul d seem a natural mediumfor serving rural tel ephone subscribers. Radio
has been used for rural tel ephone service, but on a sonewhat |limted basis. Rura
subscri bers generally have access to nobile dial radio service, and nicrowave radio
equi pnent is often used as a trunk or subscriber link for central offices or |arge
clusters of subscribers. However, the use of radio for tel ephone service to

i ndi vidual fixed subscribers (wreless tel ephone | oop) has been infrequent.

Soon after the REA was authorized by Congress in 1949 to nake | oans for rura

t el ephone service, REA engineers investigated unique nethods to provide this service
econonmically. Radio was one of the methods explored for this service in sparsely
popul ated rural areas. During the 1950s REA provided snmall grants to fund the

devel oprment of subscriber radi o systenms. General Electric and Mtorola provided
single channel radio links in the 150 MEz radio band at locations in Virginia and

Al abama. Rayt heon devel oped a 6 GHz radio systemthat provided two nultiparty
channels to serve a small cluster of subscribers. It was first used by an REA
borrower in northern Wsconsin

Dial nobile radio systens in the 150 M&z band were al so devel oped with the aid of
REA grants. This dial nobile service was used extensively and was the forerunner to
| nproved Mobil e Tel ephone Service and Cel lular nobile service. Service to fixed
subscribers was pernmtted as secondary to nobile service in this band

In general, each of these subscriber radio systens night be described as a

t echnol ogi cal success. However, none of the systenms proved to be a long term
solution for tel ephone service in sparsely popul ated rural areas. The basic

i mpedi mnents were econoni cs and regul ation

Rural radio service to fixed subscribers has | ong been available on a secondary
basis in the 150 and 450 M&z bands al | ocated for Public Land Mobile Service if no
harnful interference is caused to nobile service. FCC pernmission for fixed service
was al ways secondary to nobile service, and rural radio was viewed nore as tenporary
pl ant rather than permanent plant.

In the late 1980s, two Texas REA borrowers were confronted with deteriorating
out side plant serving sone of their renote subscribers. Replacing the existing
outside plant with buried filled cabl e was consi dered prohibitively expensive.
Using radi o links, while expensive, was considered feasible if no

APPENDIX 1 - Continued

future changes were necessary. For good cause, the FCC will waive their rules. The
two borrowers requested that the FCC waive the rules and grant themlicenses in a
geogr aphi cal Il y underused radio band different fromthe secondary rural radi o service
band. They cited econonmic hardship and the renote |ikelihood of the requested
frequenci es being used for the intended service in that area. After due process,
the FCC granted a |icense by waiver to operate in the 2 G+ band

In May 1985, the REA Assistant Administrator (Tel ephone) called on nenbers of the
four national tel ephone associations to join in an ad hoc task force to prepare a
petition to the FCC. The National Rural Tel econm Associ ation, the Nationa
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Tel ephone Cooperative Association, the Oganization for the Protection and
Advancenent of Small Tel ephone Conpanies, and the United States Tel ephone

Associ ation agreed to participate with REA. The objective was to elinmnate the
secondary status and the need for individual waivers. The task force filed a
petition with the FCC in May 1986. The petition requested three changes in the FCC
rules for BETRS

1. Co-Primary status on unused frequencies.
2. Access to 26 frequency pairs in the 450 M& band
3 Set aside 2 MHz of the cellular radio reserve.

The FCC issued a Notice of Proposed Rul emaking (NPRN) on BETRS in

January 1987. The BETRS proposal received w de support including Regional Bel

Oper ati ng Conpani es and radi o equi pnent manufacturers. | n Decenber 1987, the FCC
adopted the Report and Order establishing BETRS, and then published a Final Rule in
February 1988. Co-primary status was provided for BETRS in the foll owi ng bands.

Fr equency Channel s BETRS Co-Prinmary Service & FCC Rul es
150 MHz 18 Part 22 Public Land Mbile - Part 22
450 MHz 26 Part 22 Public Land Mbile - Part 22
800 WHz 50 Part 22 Private Land Mbile - Part 90

Sone restrictions apply. For exanple, the FCC requires BETRS at 800 Mz to be at

| east 100 mles fromthe 54 |argest Metropolitan Statistical Areas. The BETRS

aut hori zation provides for a total of 94 radio channels. Many of the

44 radi o channel s at 150 and 450 MHz may al ready be |icensed for nearby public
nobi |l e service; and the restrictions for the 50 radio channels in the private nobile
service may limt their application. Wile the requested 2 Miz cellul ar reserve
spectrum was denied, the FCC indicated that if the allocated spectrumat a later
time was insufficient, additional spectrumwould be considered

In Cctober 1988, the FCC adopted a BETRS provision in the cellular service band
The FCC Order included, "In the Donestic Public Cellular Radi o Tel ecommuni cati ons
Service, this service provides public nessage comuni cation service to fixed
subscribers in Rural Service areas and rural parts of Metropolitan Statistica
Areas." In the cellular band, the FCC |license is
awarded to cellular systemoperator. This requires the telco wi shing to provide
BETRS in this band to be the cellular licensee or negotiate with the cellul ar
i censee for frequency spectrum

APPENDIX 1 - Continued

EPILOG

The January 1987 BETRS aut horization provided an opportunity to provide service in
rural areas on a "permanent" basis. BETRS will be of linmted value in certain

regi ons because of linmted radi o channel availability and restrictions. Even in

| ess popul ated areas, radio spectrumefficiency will be necessary for nmaxi mumrura
area coverage. The Cctober 1988 Cel |l ul ar BETRS aut hori zati on provi ded additi ona
potential for BETRS in rural areas. Cellular Rural Service Areas are being |icensed
at the tine of this witing. However, rural cellular systens have not yet been
constructed and placed into operation. It is too soon to judge the degree or
timetable that cellular radio will fill this need in rural areas, especially in |less
popul at ed ar eas.

Petitions for Reconsideration of the original BETRS Report and Order were filed by
Pacific Bell, Nevada Bell and the United States Tel ephone Association. The
petitions requested several changes including additional spectrumand a |ibera

wai ver policy for BETRS applicants to ease restrictions on the present BETRS
spectrum all ocation. The liberal waiver policy would permit broader application of
the existing BETRS allocation. Additional spectrum and especially discrete spectrum
permtting dynam ¢ bandw dth all ocati on schenes woul d encourage econom cal radio
system desi gn and uni versal systematic BETRS applications.
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The Request for Reconsideration was denied by the FCC in May 1989. The FCC
i ndicated that the need for reconsideration had not been established by the
Petitioners.

Thr ough BETRS, the FCC has provided a neans to serve subscribers in rural areas on a
"permanent" basis. This is an opportunity to get started with BETRS. The need for
addi tional spectrum and waivers will have to be denonstrated. Additional frequency
spectrum wi t h dedi cated bl ocks of frequencies will be needed for BETRS to becone a
uni versal cost effective service. Dedicated frequency bl ocks would permit the radio
manuf acturer's design engineer to choose tine division or frequency division
mul ti plex to econom cally address specific nmarkets.
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APPENDIX 2
EXAMPLE OF BETRS EQUIPMENT SPECIFICATIONS

Thi s Appendi x provi des an exanpl e of BETRS equi pnment specifications (partial |ist
only) that might be attached to REA Form 397. It is essentially a conbination of
sel ected standards and specifications fromseveral sources including REA and the
tel ecommuni cations industry. Care should be taken to keep the specifications
generic to the Purchaser's needs and not favor one manufacturer or equi pnent over
anot her .

1. GENERAL

1.1 Equipnent interfaces to the tel econmunications network, equipnent, and
facilities shall conformto traditional teleconmunications anal og voice
frequency and signaling standards, or to D4/ DS1 digital standards.

1.2 The equi pnent shall be designed for proper operation and interface with
custoner prem ses equi pnment regi stered under FCC Part 68. Custoner
prem ses equi pnent and material shall meet the Listing requirenents of
nati onal and | ocal codes.

1.3 The equi pnent shall be Type Accepted under FCC Part 22 and ot her
appl i cable FCC requirenments. Specific FCC Acceptance Designations
shal | be stat ed.

1.4 The radi o equi pnent shall return to an on-hook condition (a) if the
receive level falls below the mninmumservice threshold for nore than
five seconds; (b) within 5 seconds of subscriber or central office
di sconnection; or, (c) within one minute for calls not conpleted.

2. ENVIRONMENT

2.1 Equi prent mounted inside buildings shall operate satisfactorily within
an anbi ent tenperature range of 0° to 50°C and at 80 percent relative
hum dity between 10° and 40°C. Equi prent nmounted outdoors shall operate
satisfactorily within an anbi ent temperature range of -40° to 60°C and at
95 percent relative humdity between 10° and 40°C.

2.2 DC powered equi pment shall operate satisfactorily over a range of 44 to
56 volts unless stated otherwi se. AC powered equi prent shall operate
satisfactorily over a range of 108 to 132 volts unless stated otherw se.
AC power ed equi prent shall be equi pped with battery backup for a mnimum
of eight hours operation.

2.3 Power requirements shall be stated by the Seller at 50 volts dc or
120 volts ac input for mnimum power conditions (low traffic or standby)
and for maxi mum power conditions (high traffic, ringing, or in use).

2.4 CQutdoor equiprent housings shall be of rugged construction, corrosion
resistant, and water tight or weather resistant to provide proper
el ectrical and nmechani cal perfornmance, protect the equipnment from damage
or faulty operation due to noisture, dust and other airborne particles,
and mnimze infestation by insects.
APPENDIX 2 - Continued

3. VOICE FREQUENCY

3.1 Impedance: 2-Wre: 900 Chns.
4-Wre: 600 Chns.
M ni mum Return Loss:
From CO End: 18 dB ERL; 12 dB SRL.
From Subscri ber End: 16 dB ERL; 10 dB SRL.
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-2 1004 Hertz Loss: Set at 2 dB; 1.0 dB Maxi mum Variati on, Long Term
Level Tracking: 0.5 dB Maxi mum Variation, From +3 to -37 dBnmD I nput.
1.0 dB Maxi num Variation, From-37 to -50 dBnD | nput.
Frequency Response Rel ative to 1004 Hertz:
+1 to -1 dB Maxi num Variation, From 600 to 2400 Hertz
+1 to -3 dB Maxi num Variation, From 300 to 3200 Hertz
-20 dB or Lower at 60 Hertz.

.3 drcuit Noise: 20 dBrnC Maxi mum ( Operational).
Signal to Noise: 33 dB Mninum From+3 to -30 dBnD I nput.
(Quanti zi ng 27 dB M nimum From-30 to -40 dBnD I nput.
Distortion) 22 dB Mnimum From-40 to -45 dBnD | nput.
Crcuit Balance: 60 dB M nimum (ANSI/| EEE 455-1985).
Channel Crosstal k Loss: 65 dB M ni num

-4 Voi ceband Data: 2400 Baud M ni mum (4800 Baud Obj ective).

- RADIO FREQUENCY

.1 Ceneral: RF Channels Required
Maxi mum Bit Error Rate
Maxi mum Path Loss in dB

.2 Base Station: Transnmit Frequencies
Transmt Power CQutput (Per RF)
Ef fecti ve Radi ated Power (Per RF)
M ni mum Recei ve Level
Recei ve Level Range (Mn to Max)
Adj acent Channel Receive Rejection
Co- Channel Receive |solation
Transmit to Receive |solation

.3 Subscriber Stations: Transmit Frequencies
Transmt Power CQutput (Per RF)
Ef fecti ve Radi ated Power (Per RF)
M ni mum Recei ve Level
Recei ve Level Range (Mn to Max)
Adj acent Channel Receive Rejection
Co- Channel Receive Isolation
Transmt to Receive |solation

.4 Repeater Station(s):
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Pages 33 - 39 Contain Figures 1 - 14
(These figures are available in hard copy only)



